The change in sexual hormones with age in middle-aged and elderly Chinese men, with and without erectile dysfunction (ED), was investigated. Total testosterone (TT), free testosterone (FT), dehydroepiandrosterone sulfate (DHEAS), and sex hormone-binding globulin (SHBG) were determined from fasting serum samples by radioimmunoassay in 627 middle-aged and elderly ethnic Chinese men with and without ED. Calculated FT was derived from TT and SHBG. Patients with ED were subdivided into groups having low serum TT (o2.7 ng/ml) and normal TT (X2.7 ng/ ml). FT and DHEAS declined and SHBG rose with age in both normal patients and in patients with ED. TT and SHBG were lower in patients with ED than in normal subjects at all ages. In contrast to findings in previous studies, levels of FT were higher in patients with ED than in normal subjects. Hormonal changes in this Chinese population generally mirrored those in previously studied ethnic populations, except for higher FT in patients with ED. This suggests that hormonal levels in patients with ED may vary in different populations. The significance and reproducibility of this finding remains to be determined.
Introduction
While free testosterone (FT), protein-bound testosterone, and total testosterone (TT) have all been found to decline with normal aging, the role of testosterone in adult male erectile function has yet to be fully elucidated. 1, 2 The prevailing opinion is that testosterone acts centrally, influencing libido and nocturnal erectile function, 3, 4 as well as acting on nitric oxide pathways in the corpora cavernosa. 5 Testosterone also influences behavioral aspects in men, such as concentration and well-being. 6 Androgen replacement may improve spontaneous erections and sexual function in severely hypogonadal men. [7] [8] [9] [10] In Caucasian populations, FT decreases by 1.2% yearly and TT decreases by 0.4% yearly. 1, 10 Other ethnic populations have not been extensively studied and no conclusive evidence has been shown that age-related declines in serum testosterone in men is universal or inevitable. 11 We therefore sought to measure and compare hormonal levels in middle-aged and elderly ethnic Chinese men with and without erectile dysfunction (ED).
Materials and methods
A total of 627 patients were recruited for this study. 12 Reasons for exclusion included previously diagnosed cancer or chronic disease including coronary artery disease, alcohol or other substance abuse, or use of prescription drugs.
Normal group
Based on determinations of fasting serum levels of TT, patients with ED were further subdivided into a testosterone-deficient group (defined as TTo2.7 ng/ ml, n ¼ 41) and a normal-testosterone group (defined as TTX2.7 ng/ml, n ¼ 116). We used cutoffs based on two s.d. below the mean of a normal population at our hospital.
Hormone evaluations
Hormone level measurements in both the normal and ED groups included fasting serum TT prior to 1000 (Elecsys s , Roche), FT by radioimmunoassay (RIA) (Diagnostic Systems Laboratory, DSL s ), 13 dehydroepiandrosterone sulfate (DHEAS), (Immunotch s French), and sex hormone-binding globulin (SHBG) (Elecsys s , Roche). All assays were performed on a single blood sample. Intra-assay variabilities were 2.36% for TT, 5.03% for FT, 4.7% for DHEAS, and 5.17% for SHBG.
Calculated free testosterone (cFT) was derived from TT and SHBG. 13 
Statistical analyses
The correlation between sex-related hormones and age was calculated by linear regression analysis (g) and determination of the correlation coefficient (R 2 ); P-values less than 0.05 were considered to be significant. Data were categorized in age intervals of 10 years. All parameters measured were compared between normal subjects and patients with ED. One-way ANOVA and the Student's t-test were applied for evaluation of results.
Results
The relationship of age to sex-related hormone levels in normal subjects and in patients with ED is shown in Table 1 . We observed a tendency for agerelated declines in TT (P ¼ 0.007, normal subjects) and FT (Po0.001 and P ¼ 0.003, respectively), as well as increases in SHBG (Po0.001 and Po0.001, respectively) in both groups, except that TT did not change significantly with age in the ED group (P ¼ 0.50).
Comparisons of sex-related hormone levels in normal subjects and in patients with ED, as well as body mass index measurements, are shown in Table 2 . Serum levels of TT were lower in patients with ED than in normal subjects in most age-specific ranges (Po0.05 to Po0.001). Serum levels of FT were higher and levels of SHBG were lower in patients with ED than in normal subjects (Po0.01 to Po0.001, respectively). The association between higher FT and ED was stronger using the RIA method; it persisted to a weaker extent in men aged 50-69 years when the cFT method was used.
Hormonal parameters related to the testosteronedeficient and normal-range subgroups of patients with ED are shown in Table 3 . As expected by our definition, levels of TT were higher in the normaltestosterone group as compared with the testosterone-deficient group. Serum levels of FT by RIA and of SHBG were higher in the normal-testosterone group than in the testosterone-deficient group (Po0.001). Patients in the testosterone-deficient ED subgroup had a higher FT/TT ratio than did the normal-testosterone group (0.5270.18 vs 0.3470.12%, respectively; Po0.001). Hormone levels in men in Taiwan TI-S Hwang et al
Discussion
In healthy Caucasian men, levels of FT decline with age, although there is considerable individual variation. 1, 10, [14] [15] [16] Testosterone is bound to SHBG, and to a lesser extent albumin, with a small percentage remaining unbound. FT and albuminbound testosterone are considered to constitute the bioavailable fraction of testosterone. 13 SHBG levels increase with age, and increased binding of testosterone to SHBG results in lower levels of free, biologically active testosterone. 1 Decline in levels of testosterone is also related to testicular and hypothalamic-pituitary factors. With age, Leydig (and Sertoli) cell numbers and luteinizing hormone (LH) pulse amplitude both decrease. LH pulse frequency and responsiveness of gonadotrophs to gonadotropin-releasing hormone (GnRH) are maintained, however. 17 Nevertheless, studies have not conclusively shown that any specific percentage of testosterone deficiency can be expected with aging, and 15% of men over the age of 80 years may retain TT values above 577 ng/ml. 3, 14 The significance of any agerelated decline in values is also as yet unclear.
FT by equilibrium dialysis and bioavailable testosterone (the fraction of testosterone unbound by SHBG, measured by precipitation) are considered to be the two most accurate methods for measuring biologically available testosterone. However, these methods are time consuming and may not be readily available, including at our institution. Other methods of measuring biologically available testosterone include FT by RIA and cFT. Whereas FT by RIA is not considered to be a reliable measure, cFT derived from TT and SHBG measurements appears to accurately reflect FT by equilibrium dialysis. 13 We were not able to measure directly FT by equilibrium dialysis or bioavailable testosterone, but we determined cFT.
In our study, TT did not change significantly with age in the ED group. But some of these men presumably had low testosterone as the cause of their ED when they entered the study. It is reasonable to expect that the ED group would have lower TT overall. ED patients in our study had lower TT levels along with lower SHBG levels when compared to normal subjects. Our most surprising finding was the higher level of FT in men with ED, in contrast to findings in previous studies 5 (Table 2) . A partial explanation could be the lower SHBG levels in patients with ED. Moreover, this finding may indicate that in middle-aged and elderly men, ED is most likely of multifactorial origin rather than age-related testosterone deficiency. The significance of this finding, and whether it is possibly particular to Asian men, is unclear.
The testosterone-deficient ED subgroup (testosterone o2.7 ng/ml) had a much higher FT/TT ratio than the normal-testosterone group (Table 3) . This could be explained by decreased testosterone bound to SHBG, permitting an increase of FT (or FT/TT ratio) without altering TT.
The etiology of ED is multifactorial and cannot be explained solely by hormone levels. Clinical features suggestive of hypogonadism in the aging male Table 1 footnote. There is sparse evidence concerning ethnic variation in male sex hormones. In a recent study, TT, cFT, and SHBG were lower in Pakistani men than in Afro-Caribbean and Caucasian men living in England. 19 In another study of Asian men, serum TT did not decrease with age, but SHBG increased significantly, and bioavailable testosterone and FT decreased significantly. Erectile function correlated positively to bioavailable testosterone. 20 In a third study of 213 Asian men with lower urinary tract symptoms (aged 31-78 years), TT and FT decreased and SHBG increased with age, but only the change in FT and SHBG was statistically significant. FT correlated most closely with aging and with erectile function. 21 The latter two studies are consistent with findings in Caucasian men.
There is some evidence that ethnicity influences gonadotropin secretion in men. Administration of testosterone and progestins for the purpose of contraception suppresses spermatogenesis to a greater extent in Asian than in Caucasian men, and intravenous testosterone suppresses LH to a greater degree in Asian men than in Caucasians. When LH release was monitored over 24 h in healthy young Asian and Caucasian men, baseline levels of LH, testosterone, SHBG, and testosterone/SHBG ratios were comparable. However, basal and pulsatile LH patterns differed, and these differences were accentuated by short-term androgen withdrawal (with ketoconazole/dexamethasone). 22 Genetic variation in gonadotropin regulation in different ethnic populations deserves further study.
Conclusions
FT and DHEAS declined and SHBG rose with age in both normal patients and in patients with ED in Taiwan, while TT and SHBG were lower in patients with ED than in normal subjects at all ages. These results are in general accordance with prior findings in Caucasian subjects. However, in contrast to previous studies, levels of FT were higher in Chinese patients with ED than in normal subjects. The significance of this latter finding, and whether it can be confirmed in different ethnic populations in future studies, remains to be determined.
